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(54) Method of improving the rewet shrink properties of a non derivatized cellulose food casing 
and article 


(57) Disclosed is a method of forming a seamless, 
non derivatized cellulose tubular film having enhanced 
rewet shrinkage properties. The enhanced properties 
are provided by first drying a hydrated extruded tube of 


non derivatized cellulose gel at one inflated diameter to 
form a tubular film. The film is then moisturized while 
holding an inflated diameter smaller than the drying di- 
ameter. 
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EP 1 101 405 A1 

Description 

Technical Field 

[0001 ] The present invention relates to a method of controlling the rewet shrinkage of a tubular film of non derivatized 
cellulose to enhance its value as a food casing. 

Background o( the Invention 

[0002] The use of tubular cellulose films as food casings is well known in the art. A non reinforced type of cellulose 

m ° V ' S T d ^ manufac,ure of variou * sausage products such as frankfurters and the like. These 

u OP^tn c n?« 9 J St ° f 3 tUbU ' ar fi ' m °' PUrS re 9 enerated cellulose having a wall thickness ranging from 
0.025 to 0.038 mm and ranging in diameters from about 14 to 50 mm. 

[0003] To date, the most notorious process for manufacturing cellulose food casings is the "viscose process ■ In the 

r^lT° Ce f h S ? ?K Ura ' Ce " U,0Se SUCh 33 COtt0n " nterS or wood P U| P is converted to a so.ub.e cellufose derivative 
cellulose xanthate) by chemical reaction. The so.uble cellulose derivative is extruded as a tube and contacted with 
reagents that react chemically with the cellulose derivative to regenerate a pure fotm of cellulose 
[0004] A more recent innovation for the production of cellulose food casings involves the simple dissolution of the 
natural cellulose without chemical reaction. In this process the natural cellulose is solubilized by a tertiary amine N- 
oxide such as N-methyl-morpholine-N-oxide ("NMMO"). The solution is thermoplastic in that it is solid at room temper- 
ature and has a melting point of about 65' C. The solution is extruded as a tube into a bath containing a liquid that is 

ceZTJT h T T (SUCh 83 W9ter) Wh6re thC S0 ' Vent " 6XtraCted t0 regenerate a P- e 2 cellulose. The 
cellulose denved from this process is 'non derivatized" in that it has not been subjected to covalent bonding with a 
seven or -reagent as rs the ■derivatized" cellulose derived from the viscose process. Instead, the non derivatized 
bonding d,sso,ved b V association with a solvent or reagent through Van der Waals forces or by hydrogen 

S in R a e9 T!T I" 1 * I' 00653 USed ' re 9 enerated cellu,ose immediately after tubular extrusion and regener- 
S ? f Sta H J"' 8 tU " ln9 , ° f Ce " UlOSe 961 iS COntaCted wrth a P'asticizing agent such as an aqueous polyhydric 
a^coho solution and hen is dned under inflation to produce a cellulose film. The gel tubing is initial* dried down to a 

ZSZ n TH ? than 1 ° % Preferab ' y 3 t0 5% m ° iStUre b8Sed 0n the wei 9 ht ° f dr > cellulose to form a 
cellu ose rlm. The moisture content based on the weig ht of dried cellulose is sometimes referred to as the perce nt of 

TZ ZV< 7 ^in U ^n r " BDG " Un ' eSS ° theWiSe Stated ' a " moisture contents menti ° nad herei nbelowareon 
bondinn in T T, ' ' ^ ** ^ **" 10 ' ™ iStUre COntent ° f 3 10 5% BDG is be,ieved * establish hydrogen 
?nnn«? 9 he H cellulose struct ^ which is responsible for many end-use properties of the resulting tubular film 
[0006] After drying to establish the hydrogen bonding, the tubular cellulose film is remoisturized to a moisture content 

ttr w ^^^ 

[0007] Jhe inflation during the drying process serves to provide the cellulose film with a degree of orientation that 
~ ft I cus l^f l °H th f P r °P erties ( of ^ cellulose film. For example, with the conventional derivftized cellulose cas g 
t is customary to dry the tubing of cellulose gel while holding it by inflation at a diameter that is about 20 to 30% greate 

^LTT° n T e,e I t0 Pr ° Vide tranSVSrSe direCti ° n (TD) orientati °"- 'n addition, the tubing is longitudinally 

Sr ( M y D r^n?a;:on n the maChinS direCti ° n 8bOUt 1 t0 3% ° VSr " S len9th ln "» 961 -* * pLde - — 

, [ h™ i n^ C T in9 rt t ° U f A " 2999757 ' the orientation provided by this transverse and longitudinal stretching provides 
the casmg with certa.n desirable properties including a lower degree of distension upon being subjected to stuffing 
pressures and the ability to produce a more consistent and uniform diameter of sausage. The "757 patent further says 
ha, diametrically stretching the casing less than about 35% in the transverse direction does not appreciab.y improve 
^ casrng characteristics whereas stretching it more than about 55% is difficult and presents operating problems 

I V57 otent t^ 0 ^ T°' ^ 035109 " ^ * h ^ ThUS " ™*'8 *> th e teachings of 

rnLl UPPer fansverse orientation for a derivatized cellulose casing is about 55% 

2m not r^T^ 9 the , film f ? akeS U l6SS extensible so thal «hen the casing is stuffed, a change in the stuffing pressure 
w,l I not result n a substantial change in the stuffed diameter of the sausage. This is a desirable property as it contributes 
to the production of sausages having a uniform diameter as noted in the '757 patent. In particular, it is customary to 
design a sausage casing to operate at a desired stuffing diameter. When stuffed to this desired or recommended stuffed 
h !r 6r ( ,t? } ' POrti ° n °' the ° UrVe P ' 0tting ° aSing diameter gainst stuffing pressure is relatively flat so the 
ZtT»Zi , ^r t 396 remainS Substantia "y constant over a wide range of stuffing pressures. Sausage manufacturer* 
Ik f tlT 9e _° , CaSm9 Pr ° Perty that " a "° WS the casin 9 to be «9htly stuffed under high pressures of up to 
about 250 mm Hg(33.3kPa) without exceeding a desired diameter. 
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[0010] One drawback of this orientation is that the casing tends to shrink back to its extruded diameter when it is 
rewet. The casing is rewet to various degrees when it absorbs moisture during processing or use. For example, the 
casing is rewet during the shirring of the casing as it as it absorbs moisture from the shirring solution. It also is rewet 
during stuffing as it absorbs moisture from the fluid products being stuffed into the casing. Excessive shrinkage of the 
5 casing during either shirring or stuffing is not desired. Shrinkage during the shirring operation causes the shirred casing 
to grip tightly about the shirring mandrel. Consequently, damage may result to the casing if excessive force is needed 
to doff the shirred casing from the mandrel. 

On the other hand, excessive shrinkage of the casing about the food product stuffed and processed in the casing may 
cause the casing to split, or the casing may adhere so tightly to the food product that it is difficult to peel the casing 
'0 from the food product after processing. 

[0011] Excessive shrinkage is a particular problem with respect to a casing formed of a non derivatized cellulose. In 
this respect it has been found that a non derivatized cellulose casing is much more extensible than its derivatized 
counterpart. For example, US-A-5658524 discloses that non derivatized cellulose can be diametrically stretched up- 
wards of 200% during the drying cycle. The greater extensibility of the non derivatized casing means that during stuffing, 
it undergoes a greater diameter change with smaller changes in stuffing pressure than does a comparable derivatized 
cellulose casing. To compensate for the more extensible nature of the derivatized cellulose casing, it was found nec- 
essary to dry the tubing of cellulose gel while holding it under inflation at a diameter of 70 to 80% greater than its 
extruded diameter. While drying the cellulose gel under these conditions allowed for better control of the stuffed diam- 
eter of the casing : the resulting increase in the shrinkage rate upon the casing becoming rewet caused other problems. 
[0012] For example, because the casing retained a relatively large amount of a shrink (due to its greater degree of 
orientation), the diameter of the shirring mandrel had to be reduced in order to accommodate the greater amount of 
shrinkage. This in turn resulted in an undesirably smaller bore diameter of the shirred casing article. Upon stuffing, the 
casing shrank even more which resulted in the casing being so tight around the sausage in the casing that conventional 
peeling operations were not satisfactory. Changes in shirring solutions and methods and changes in peeling solutions 
and methods only marginally solved the various problems caused by the greater inherent extensibility of a casing 
formed of a non derivatized cellulose. 

[001 3] Accordingly, the problem to be solved is to provide an oriented food casing of a non derivatized cellulose that 
exhibits resistance to stretching during stuffing so that it maintains a substantially constant diameter over a range of 
stuffing pressures, while at the same time minimizing the rewet shrinkage of the casing. Prior to the present invention, 
the method of forming a casing of a non derivatized cellulose represented a compromise of properties in that the method 
steps for reducing the extensibility of the casing resulted in an increase in the rewet shrinkage. Conversely, method 
steps to reduce rewet shrinkage resulted in an increase of the extensibility of the casing. 
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Summary of the Invention 

[0014] The present invention provides a practical method for the manufacture of a seamless tubular film of a non 
derivatized cellulose that is suitable for use as a food casing for the production of frankfurters and the like. Suitability 
for use as a food casing requires that a tubular film intended to make a sausage of a desired diameter be dimensionally 
stable at the desired diameter over a range of stuffing pressures. Suitability further requires that the tubular film exhibit 
a minimum of shrinkage when rewet. In accordance with the present invention these desirable attributes are provided 
by controlling the conditions under which the tubular film is dried and moisturized. 

[0015] Even though it has been recognized that a non derivatized cellulose casing has a greater extensibility and 
rewet shrinkage than a derivatized cellulose casing, it has been unexpectedly and surprisingly found that properties 
of dimensional stability and low rewet shrinkage can be built into the tubular film of non derivatized cellulose by con- 
trolling certain method steps during the formation of the film. For example, as noted above, an extruded tube of cellulose 
gel is dried and moisturized to form the cellulose film. It has been found that the inflation of the extruded tube during 
drying and moisturizing can be altered to change Ihe rewet shrinkage and extensibility of the resulting film. 
[0016] Accordingly, one embodiment of the invention involves partially drying the tube of cellulose gel while holding 
it at a first inflated diameter, completing the drying to establish hydrogen bonding of the cellulose while holding it at a 
second inflated diameter and then moisturizing the cellulose while holding the second diameter. 
[0017] In another embodiment the extruded tube of cellulose gel is completely dried to establish hydrogen bonding 
while holding a first inflated diameter and then the dried cellulose is moisturized while holding it at a second inflated 
diameter. 

[0018] For use as a food casing where lower values of rewet shrink are desired, the amount of the first inflation is 
greater than second. This has been found to decrease the total rewet shrinkage as compared to drying and moisturizing 
under a single inflated condition. While not preferred, if for some reason a high shrink and low extensibility are desired, 
the method of the present invention allows for such application by reversing the conditions such that the first inflated 
diameter is less than the second. 
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J0019] Accordingly, in its broadest aspect, the present invention may be characterized by a method of tormina a 
■uouU, co.iu.ose him of a desired diameter having se.ected properties of extensibi.ity and rewet shl comSg" 

... extruding and regenerating a seamless tube composed of a non derivatized cellulose gel- 
^^l^^^ Whi ' e h ° ,dinS * 31 3 "* ^ — ^rent from the 
O mo,stur,zing the cellulose film while holding a second inflated diameter equal to the desired diameter. 
[0020] In another aspect, the present invention may be characterized by the steps of. 

a) drying an extruded tube of non derivatized cellulose gel to a moisture content of less than 5% BDG to effect 
hydrogen bondmg of the cellulose while holdingthe tube at a first inflated diameter greater ^3^^^^ 
U mo.s.unz.ng the dried tube to a moisture content of between 10 to 15% BDG while holding 

o collapsing the tube to a flat width; 

o .niia:.ng the tube to a second diameter substantially equal to the desired diameter and 

a mo,sjunzing the tube to a moisture content of between 12 to 25 % BDG while holding the second inflated 

[0021] in yc-t another aspect, the present invention may be characterized by: 

*> part-ally drying the tube of cellulose gel to a first moisture content while holding it at a first inflated diameter 
t ) collapsing the partially dried tube to a flat width- and "mated diameter, 

«nc r E '^Z ,h n ^aa"" ^ * * SeCOnd diamet6r merent fr0m the first inflated <*ameter and maintaining 
«no second inflated diameter while further drying the tube to a second moisture content below about 5°/ BD? JnH 
c, rr o-stunzing the dried tube to a moisture content above 1 0% BDG while maintaining the I^SS^SS^ 

ZTl /TV ?, Ular fi ' m COmP ° Sed ° f n ° n d6riVati2ed Cellu,ose ha ™9 sh ^^ge properties SrenTfrom 
-no W nc ,ube of cellulose gel dried to the same desired diameter and moisture content with only a s^eZiltZ 

[0022] In st.ll another aspect the present invention may be . haracterized by a method of forming a seamless non 
dcnv,,„cd cdu.ose tubular film of a desired diameter suitable for use as a sausage casing comprising 

a, concnuously forming by extrusion and regeneration, an extruded seamless tube composed of a hvdrated non 
cor,vat,zed cellulose gel having a moisture content greater than 1 50% BDG, the extruded I seam es 2e haZ 
a subs.ant.ally uniform diameter smaller than the tubular film desired diameter- 9 

n riTn 9 ,? 6 6 f T!? S ! am ' eSS tUbS t0 3 tirSt diameter lar9er than the tubular fil ™ desired diameter- 

BDG 1, tUbe 31 firSt inf,ated diameter While ^ il to a first ™^ ^vel of about 15 to 50% 

BDG .hereby forming a partially dried tube; ioioou/o 

O collapsing the partially dried tube to a flat width; 

c) romflating the partially dried tube to a second diameter substantially equal to the tubular film desired diameter 

S) ra.smg the moisture content of the dried cellulose tube from less than 5% BDG to about 1 5 to 20% BDG therebv 
<o a s,m,lar cellulose tube that is dried and moisturized while holding at a single inflated diameter P 
[0023] ,„ a still further aspect, the present invention may be characterized by a tubular film suitable for use as a 

tuZ T T ar9er than 3 deSired diameter ' Which P^erably is the desired stuffed diameter followed bv 
funhcr drying and moistunzinq at a second inflated diameter substantially equal to the desired diameTer the fi m h^inn 

.vx^dTndo 3 ;? imensionai s H tab,iity ° ver a range ° f stuffln9 pressures and ^z^z^zi 

lino , ° cond,t,ons on| y with a single drying diameter P 

- t a P 'i rPO !! S 1 0f USin9 thS n ° n derivatized film a * a food casing, its rewet shrinkage should be less than about 
t " and preferably less than 7.5% with shrinkage less than 2 to 3% being most preferred The extension^ of the 

eut r s r rTr aran9e °' w 

mm H Q (26 7 toil kpTth" *! " ^ °™ 30 int6rnal P ressur * ™9e °' 200 to 250 

mm Hg (26.7 to 33.3 kPa), the extensibility preferably should be less than 1 .08. Here the extensibility is DVD where 

1 ,S ,he dlame,er a « ,h « '™er Pressure and D 2 is the diameter at the higher pressure eXlenSlb " lty Where 
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[0025] For purposes of using the non derivatized tubular film as a food casing, it has been found that in the course 
of drying to set the film properties, the film should preferably have a final orientation of greater than 1.5 times the 
diameter of the extruded tube and preferably about 1 .7 to 1 .8 times the diameter of the initial extrusion. Thus, according 
to the present invention, after regeneration and while the extruded tube is in its gel state (preferred moisture content 
of 1 50% or more based on the weight of the cellulose) the first inflation is preferably to a greater diameter or more than 

1 .7 to 1 .8 times the diameter of the extruded tube. The first inflated diameter should preferably be greater than about 

1 .8 times the diameter of the extruded tube and more preferably nearer to 2 times or more the diameter of the extruded 
tube. 

[0026] The residence time in the first drying stage (where the greatest inflation occurs) should preferably be sufficient 
to reduce the moisture content of the extruded tube to about 20 to 50% BDG. It is believed that at this moisture level 
the cellulose of the partially dried film has not undergone hydrogen bonding. The moisture level of 20 to 50% BDG is 
believed to be low enough to modify properties and yet leaves the partially dried film sufficiently flexible so it can be 
collapsed and reinflated to a preferred diameter of 1 .7 to 1 .8 times the diameter of the extruded film for the second 
drying stage. In the second drying stage the partially dried tube from the first stage is preferably dried to a moisture 
level of 5% or less to effect the hydrogen bonding of the cellulose. After drying to this low level to set the film properties, 
the film is preferably moisturized by passing it through a humid environment to raise its moisture content of about 10 
to 12% BDG and preferably higher. This provides the film with the suppleness and flexibility that allows it to be handled 
for further operations such as winding it onto a reel. 

[0027] In an alternative embodiment, the moisture content in the first drying stage is driven down to as low as 5% 
or less while holding the casing at a first inflated diameter to effect the hydrogen bonding of the cellulose. While holding 
this diameter, the moisture content of the casing is increased to about 10 to 12 %. After moisturizing, the casing is 
collapsed and reinflated to a second diameter. While holding this second diameter, the moisture content of the casing 
is raised to about 17 to 20% BDG or higher. The effect on the final properties is the same in that a non derivatized 
cellulose casing made in this fashion has diametrical stability over a range of stuffing pressures at the recommended 
stuffed diameter while exhibiting a lower rewet shrinkage than a similar casing made using a single inflation during the 
drying and moisturizing stages. 

[0028] The invention can provide a food casing formed of a non derivatized cellulose having a reduced rewet shrink- 
age 

[0029] The invention can also provide a food casing formed of a non derivatized cellulose that maintains a relatively 
30 constant diameter over a range of stuffing pressures. 

[0030] The invention can further provide a food casing of non derivatized cellulose having both a reduced rewet ' 
shrink and reduced diametrical extensibility under stuffing pressures. 

[0031] Moreover, the invention can provide an improved method of forming a seamless non derivatized cellulose 
tuoular film suitable for use as a food casing. 
35 [0032] Furthermore, the invention can provide a method of forming a seamless non derivatized cellulose tubular film 
that has both a reduced extensibility, so its stuffed diameter remains relatively constant with changes in stuffing pres- 
sure, and a reduced rewet shrinkage. 
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Description of the Drawings 

[0033] Embodiments of the invention will now be described by way of example with reference to the drawings of this 
specification, in which: 

Figure 1 is a schematic flow diagram showing an arrangement for making a non derivatized cellulose food casing; 
Figure 2A is a view similar to figure 1 only showing the drier stages in greater detail; 
Figure 2B is a view showing another embodiment of the drier stage of Figure 2A; and 
Figure 3 is a view showing a second embodiment if the invention. 

Detailed Description of the Invention 

[0034] Referring to the drawings, Figure 1 shows the apparatus generally indicated at 10 during the course of a 
steady state operation to produce a seamless tubular film of non derivatized cellulose suitable for use as a sausage 
casing. The apparatus includes a die 12 arranged to downwardly extrude a thermoplastic solution to form a seamless 
tube 14. The solution generally is a solution of a natural cellulose (such as wood pulp) dissolved in a cellulose solvent 
comprising N-methyl-morpholine-N-oxide (NMMO) and water. Methods of making the solution (hereafter called "dope") 
for extrusion either as filament or film are well known in the art and form no part of the present invention. 
[0035] Process parameters affecting the properties of the resulting article are disclosed in US-A-5277857, US-A- 
5451364 and US-A-5658525 among others. Apparatus relevant to tubular extrusion of the cellulose solvent include 
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fflm rnmrf ' US - A - 5 * 59478 - and US-A-5766540. While the cellulose so.ution is described herein as forming a tubular 
f. m comprising a continuous phase of non derivatized cellulose, the invention also is useful for forming tubular films 

clLnJ T^f! C ° mPriSing 061,111086 ,iDerc Unifomi, y dis ? ersed in a continuous phas 7 n de S 
m^i° Ex^P'es of the latter type of film are disclosed in US-A-5603884 and US-A-5744251 denvat,2ed 
[0036] For purposes of forming a small diameter food casing as may be used in the production of frankfurters or the 
like, theextrus.cn orrf.ceofdieiaisaboutlOto 38mm in diameter although other diameters can be use?^ee«™sSn 
occurs about a mandre. 1 6 that depends from the die. The extruded tube passes over the mandrel and into atenk 7a 
containing a bath of a non solvent liquid 20. The mandrel has a sizing portion 1 9 that may be about the saTe dJmeter 
Z tT ° the h eXtmSi0n ori,ice ' but is Purred to be larger in diameter than the extrusion orificTso Z the 
Tment of " TT diametrica "y as il P asses ° ver the sizing portion of the mandrel. For exam'e in an Im^d 

E!^%^T™^TZ? n02Z,e is 1588 mm (0 - 625 ln - ) in diameter > the mandrel ^ pSSX 

S nf lc 1 ( °- 82 10 1 06 ' n ° diameter " 11,1,8 the extrusion Preferably is diametrically stretched as 

IS r/zle 6 SIZ ' ng POrti ° n 1 9 S ° " 3 diam6t6r UP ° n ent6rin9 the bath Which is ^ tha " the 

2,1T U „J , H PUre 086 22 the ,0mi ° f 3 9e '- the case of a com P° site extrusion, the tube includes 2 u.ose 
fibers uniformly drspersed in a matrix of the cellulose gel. The so called "gel tube" 22 subsequently is washed bv^asSna 
through wash tanks 24. .n a preferred washing method, the tube is exposed to hcn^ngiyhSiZ^ to!^ 
tutZ a r°T S , ° f ,' he SO,V6nl - ThB WaSh6d tUDe ° f Cellulose 9e' 'hen is passed through a dip tank 26to con Z the 

alvcerin Tr T n ( , n0 l ShOWn) 95 " COnventional in casing manufacturing methods. The polyol a ° 0 r example 
glycerin, plasticizes the gel tube so it remains flexible when dried example, 

ETont h tank ' th6 961 tUbe PaSSSS int ° a drier 28 11 is conventional to inflate the gel tube in the drier as 

U l ri T "V 0 ^ l ° impart 6 d6gree ° f ° rientati0n 10 the cellulos e as it is dried. Inflation of he gel tube is 
SZSZZ " 6 T7 y SCtS ° f niP r °" S 3 °' 32 31 the dher 6ntrance and exit - As noted above, drying crosslks the 
C n^l° S ^ thrOU9hhydr0 9 enbondin 9 ands ets the properties of the resulting cellulose film 

[0039 In accordance with the present invention, the gel tube is dried in two stages and under two different inflation 
conditions ^As shown in Figures 2A and 2B, this two stage drying or "double bubb.e" is ^cconJ^S^^ 
of a second set of n.p rolls 34 set between the sets 30. 32. In this respect, the gel tube between the nto roNs 30 ^ 
* ; ° "^f bUbb ' 6 " 38 haVin9 3 diamet6r ,ar 9 er *an the extruded diameter of the g^l t be £ Te geltobe 

LtS,^;?: dri6r Whi ' e h °' din9 this diameter and this con prises the "first" drier stage. After partfaSg 
efnCn h Z 6 38 n tUb6 * l ° * Width by nib rolls 34 The collapsed, partially dried tube then fs 

«on onhTdZ "Th 34 ' 32 l °H 'T 3 bUbb ' 6 42 haVin9 3 diameter differe "t than'the CSST^ 

ooimpletion of the drymg. Th.s second mflat.on in the drier is considered the "second" drier stage 

tVriH thJ F ° r , pl ; rpOSeS of completing the hydrogen bonding and setting the properties of the cellulose it is necessary 

BDg" At thif, 56 6 dri6r 28 10 3 m ° iStUre C ° ntent b6l0W 10% and Dreferab| y to a moisture content of 3 to 12 
n«« , h i ' ow ™*ure content, the cellulose is somewhat brittle even with the plasticizer so it is convenKonaf to 

the mott CS 086 1"' 6 ' indiCa,6d at thr ° U9h 3 mois tunzing chamber 46 (shown only in Figure 2^) to increase 

he c2 oTe can be Z« ' T'T If™ 1 ° % 8nd Preferab,y t0 ab0Ut 20% BDG At th* S content 
00411 a„ T b ^. flatte "ed a nd reeled onto a storage reel 48 without damage to the cellulose film. 
[0041] An alternative and shorter drier path is illustrated in Figure 2B. In Figure 2B, the first inflation and partial drvinn 

" s that : st ?z po * on , , 28A - The partiaiiy dried casin9 38A exits the ** dr - ponioTa^zrHS 7z 

34A J«t T ^ : P T ia " y dned C3Sing in 3 r6VerSe direCti0n - The P artial| y dried casing then is nipped by nip rol s 
second sLr^ H ° rm l n9 3 S6C ° nd bUbb ' 6 42A th3t paSS6S thrau 9 h a sec °" d drier portion 28B this being the 
roltso th ' S emb0diment il is "pessary that the moisture content of the cellulose tube atthe turn 

Su^tura: T ^ 25% * 5 ° % ^ t0 ^ d - 9a * - »— I d - 

[0042] In a second embodimenl of the invention as illustrated in Figure 3, the inflated diameters in the drvino anri 

^Ts^oMe^whl"; 1 ^ "'T' bUbb ' e "- r6SP6Ct ' ^ 961 tUbe ° f "° n d e« i; dned t aTo sture 

evel of 5/o or less wh.le hold.ng the tube at a first inflated diameter. The moisture content of the dried tube then is 

" crease dtoabout10 to 

or mote" ^ ^ ^ ^ ^ the m ° iStUre COnten « cellulose J raied to 1 JSSS 

[0043] As shown in Figure 3, the extruded gel tube 22 enters the drier 28 at a first inflated diameter The temperature 
and essence time m the drier are such that the moisture content of the ce.lu.ose is reduced to 5% or ^ whi e 
manning the first inflated diameter. This effects the hydrogen bonding of the cellulose. Thereafter the nrstTnSed 
t^ t Z^ZTTr SS ^ dri6d Ce " U,0S6 tUb6 thrOU9h 3 firSt m ° istUri2i " a chamber 46A. Steam " 

ti o S BDG As the e mol m0 ' r' n 9 , Chamb . 6r " 52 S ° f ° ^ Mre coM of the cellulose to abou 
10 to 12/o BDG. As the moisturized cellulose tube leaves the first moisturizing chamber 46A, it is collapsed to a flat 
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width by nip rollers 54. The cellulose tube is then reinflated to a second diameter and further moisturized in a second 
moisturizing chamber 46B. The moisture content of the cellulose is increase to about 1 5 to 20% BDG or higher while 
holding the second inflated diameter. On leaving the second moisturizing chamber, the moisturized cellulose tube is 
collapsed and wound onto a take-up reel 56. 

[0044] It has been surprisingly and unexpectedly found that partially drying the cellulose at one inflated diameter 
and then completing the drying and subsequently moisturizing the cellulose under a different inflated diameter, in the 
case of a non derivatized cellulose casing, acts both to reduce the extensibility of the casing during stuffing and also 
reduces the rewet shrinkage of the casing. The results of tests conducted to demonstrate the advantages of such 
double bubble drying and moisturizing are reported in Tables I and II. In each of the tests the flat width both wet (WFW) 
and dry (DFW) of the casing as reported in the Tables is an average measurement of five samples. The wet flat width 
is a measurement of the flat width of the casing gel stock prior to entering the drier. The first and second dry flat widths 
reported in the Tables are measurements of the casing flat width after the first and second bubbles respectively. The 
percent of shrinkage is determined by soaking a casing sample in room temperature water for one hour to rewet the 
casing. The rewet flat width is then measured and this value subtracted from the original dry flat width of the casing. 
The difference is then divided by the dry flat width to determine the percentage of shrinkage. Extensibility is determined 
by inflating the rewet sample with air and measuring the diameter of the inflated casing at 200 and 250 mm Hg (26.7 
and 33.3 kPa). 


Example I 

20 

[0045] This sample is a control wherein the casing is dried and moisturized using a single inflation condition as is 
conventional in the art. The extruded casing gel stock having a flat width of 20.57 mm (0.81 inches) was dried to below 
about 5% BDG and then moisturized to about 1 5% BDG while holding it under a single inflation condition. This provided 
a casing having a dry flat width of 36.07 mm (1 .42 inches) meaning that the transverse orientation was 1 .42/0.81 or 

25 1 .75. The casing was rewet by soaking in water for one hour and determined to have a shrinkage value of 1 1 .6%. The 
extensibility of the casing was determined as described above by inflating the rewet casing and measuring the inflated 
diameter at 200 and 250 mm Hg (26.7 and 33.3 kPa) respectively. The diameter of the casing increased from 24.93 
mm (0.981 inches) to 26.92 mm (1 .06 inches) with the change in pressure giving a D 2 /D 1 of 1 .08. ^ 
[0046] For purposes of a commercial application, the ratio of the stuffing diameters or D^D^ should be not greater 

30 than about 1 .10. Accordingly, the control had an acceptable increase in casing diameter of about 8% over an. internal 
pressure change of 50 mm of Hg together with a rewet shrinkage rate of about 1 1 .6%. For commercial applications a 
shrinkage value of less than 12% is acceptable but values closer to 3% are preferred. 

Example II 

35 

[0047] Two samples of this Example II represent embodiments of the present invention. These two samples A and 
B, were extruded in the same way as the casing of Example I except that the wet flat widths varied slightly from that 
of Example I due to process variations. Sample A had an initial WFW of 20.82 mm (0.82 inches) whereas Sample B 
had an initial WFW of 20.32 mm (0.80 inches). Both samples were dried using the double bubble method of the present 
40 invention such that the final dry flat width or DFW 2 was about the same as the target value of the casing in Example 
I, namely about 36.06 mm (1 .42 inches). Thus, the casings of this Example II and the control casing of Example I were 
comparable in that they all had substantially the same DFW and the same TDO of about 1 .75. 

[0048] For Sample A, partial drying was done at an inflation that produced a transverse direction orientation (TDO) 
of 1 .83 times the wet flat width. Accordingly, at the end of the partial drying the tube had a flat width (DFW-,) of 38.1 

45 mm (1 .5 inches) which was greater than the target value of 36.06 mm. However, in the second drying stage for com- 
pleting the drying, and in the moisturizing stage, the tube was inflated to a lower pressure. The result was a casing 
having a dry flat width (DFW 2 ) of 36.32 mm (1 .43 inches) so that the casing of Sample A, when leaving the dryer and 
moisturizer, had a DFW and TDO just slightly higher (due to process variations) than the casing of Example I. 
[0049] Sample B was similar in that the gel tubing had a WFW of 20.32 mm (0.8 inches). Partial drying was done at 

so an inflation that produced a TDO of 2.05 times the wet flat width. Accordingly, at the end of the partial drying, the tube 
had a DFW 1 of 41.65 mm (1.64 inches), also greater than the target value. In the second drying stage and in the 
moisturizing stage, the tubing was inflated to a lower internal pressure so that at the completion of drying and mois- 
turizing, the casing had a DFW 2 of 36.06 mm (1 .42 inches) and a TDO of 1 .78 that, again, was comparable to the DFW 
of the control casing of Example I. The two samples A and B were tested for extensibility over the same internal 

55 pressures of 200 and 250 mm Hg (26.7 and 33.3 kPa) and for shrink in the same way as the sample of Example I. The 
results of these tests also are reported in Table I. 

[0050] Table I shows that the rewet shrinkage of Sample A was only 7.5% and that of Sample B was only 6.1%, both 
considerably lower than the rewet shrink of the control casing of Example I. In addition, D 2 /D 1 values of both Samples 
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Example HI 

E Po??; he [ te t l WaS C ° ndUCted t0 eVa ' Ua,e *™ 6ffect 0f usin 9 the same inf,ation j " both stages of the double 
!£? i Zl , ™ £ S3me procedures were ,oll °wed as in the previous examples to produce a gel tube havina a 

SJS Z t k mm { ° 82 inCheS) ' Usin9 the dOUb,e bubble a PP* ratus a * ^o W n £ Figure 2 the gef tube was 
dned .n *vo stages wherein the inflation in both stages and in the moisturizer provided a TOO of 1 75 ?Su he cala 

36 H m 4?" °u Same DFW 38 th£ C ° ntr01 ° f Exam P ,e 1 and Sam P |e - A and B o Ex^pTa f 

cf ntroi T ° , „ f ?° WeVer ' Whi,e the sensibility of the casing as measured by D^D, is comparable the 
inTanon n h T ,° CaSi " 9 ,nCrBased substantial| y •» 1 3.5%. This result demonstrates that ustng the same 

he casing ^ * d ° Ub ' e bUbt " e SUCh ** * ^ t0 DFW * is not eftective to reduce »fe shrink ol 
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Example IV 

Sn A SeC ° nd em ^° diment of the P resent in ^ntion is demonstrated in this example. Here, two gel tube samples 

sZ^n ° 1 I ! S) - ThUS b ° th ^ com P arable t0 th * control sample of Example I and to the other 

cTdu^ ?7 9 T t P US ' ng d ° Ub,e bUbb ' e meth0d exce P' that in this e**™?^ ^e partial drying was 

T» tT h ^ mf,a r n , ^ ^ ,eSS than thG SGCOnd SUCh that DFW 1 was ,ess tha " DFWg. The result fn Sh cases 
LrnZ2 " *? ^ C ° m P arab,e to a " other «amP«- - The extensibility ratio <* D^ for Sampt C was 

T?0 P ™Z ° trZ°Z TTT 'k ^ J"^™* of Sa -P le 0 was higher and above the acceptabT rang^ of 
1.10. However the degree of shr.nk .n both Samples C and D was higher than all others including the control samole 
of Example I. Th.s demonstrates the ability, if desired, of using the double bubb.e method to incase S2S 
over a comparable tubular film of non derivatized cellulose made using a single inflation pressure Mng^T^ 
by selecting conditions such that DFW 1 is greater than DFW 2 . ^ 9 P y 

Example V 

[0053] In a further test of the present invention, a gel tube having a slightly larger WFW of 21 33 mm (0 84 inrh^o 

between Tt 11 ^ '"^ C ° nditi0nS Wherein the DF ^ WaS ^ *an th DFW 2 buU 

DFW of 33.02 mm 1 .30 inches). While the casing demonstrated a ratio comparable to those of Example Tan 
embodrment of the invention), the rewet shrink of the casing was zero. example II (an 


Example 
I Control 


Example 
II Sample 
A 


Example 
II Sample 
B 


TABLE ! 


WFW 
mm (in.) 


20.57 
(0.81) 


20.82 
(0.82) 


20.32 
(0.8) 


20.82 
(0.82) 


DFW 1 
mm (in) 


38.10 
(1.5) 


41.66 
(1.64) 


TDO, 


1.83 


2.05 


30.06 
(1 .42) 


1.75 


DFW 2 mm 
(in) 


36.07 
(1.42) 


36.32 
(1.43) 


36.07 
(1.42) 


30.06 
(1.42) 


• D 1 @ 200 mm Hg (26.7 kPa) and D2 @ 250 mm Hg (33.3 kPa) 


TDOo 


1.75 


1.76. 


1.78 


1.75 


% Shrink 


11.6% 


7.5% 


6.1% 


13.5% 


Diameter mm (in) 


24.93 
(0.098) 


27.43 
(1.08) 


27.18 
(1 07) 


24.64 
(0.97) 


D 2 /D 1 


26.92 
(1.06) 


29.21 
(1.15) 


28.96 
(1.14) 


26.16 
(103) 


1.08 


1.06 


1.07 


1.06 
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TABLE I (continued) 




WFW 
mm (in.) 

DFW 1 
mm (in) 

T0O 1 

DFW 2 mm 
(in) 

TDO s 

% Shrink 

Diameter mm (in) 

D 2 /D 1 

5 








Di * 




Example 
IV 

Sample C 

20.57 
(0.81) 

32.0 
(1.26) 

1.55 

36.07 
(142) 

1.75 

17.6% 

23.11 
(0.91) 

24.89 
(0.98) 

1.08 

10 

Example 
IV 

Sample D 

20.83 
(0.82) 

32.0 
(1.26) 

1.53 

36.07 
(1.42) 

1.73 

15.0% 

23.37 
(0.92) 

25.91 
(1.02) 

1.11 

15 


21 .34 
(0.84) 

43.69 
(1.72) 

2.05 

33.02 
(1.30) 

1.55 

0% 

27.69 
(1.09) 

29.46 
(1.16) 

1.06 


* ® 200 mm Hg (26.7 kPa) and D2 O 250 mm Hg (33.3 kPa) 


[0054] In Table II below, the DFW 1 minus the DFW 2 of the Examples and the ratio of DFW^ to DFW 2 arranged in 
ascending order and the corresponding extensibility values (D^D.,) and shrink values are noted. The TD0 2 values 
20 also arc given. 


TABLE II 


30 



DFW 1 -DFW 2 mm(in.) 

Ratio DFW 1 /DFW 2 

% Shrink 

TD0 2 

Extensibility D 2 /D-, 

Example IV Sample C 

-7.37 
(-0.48) 

0.77 

17.6% 

1.75 

1.08 

Example IV Sample D 

-6.68 
(-0.27) 

0.77 

15% 

1.73 

1.11 

Example III 

0 

1 

13.5% 

1.75 

1.06 

Example II Sample A 

1.78 
(0.07) 

1.05 

7.5% 

1.76 

1.06 

Example II Sample B 

5.59 
(0.22) 

1.15 

6.1% 

1.78 

1.07 

Example V 

10.67 
(0.42; 

1.32 

0 

1.55 

1.06 


[0055] The data of Table II show that a transverse direction orientation of about 1 .75 will result in an extensibility of 
40 the non derivatized cellulose casing that is acceptable for stuffing purposes. This value of 1.75 which represents a 
TDO 75% greater than the diameter of the gel tube is substantially greater than the TDO upper limit for a derivatized 
cellulose casing of about 55% recommended by Shiner, et al in US-A-2999757 and much greater than the 20 to 35% 
TDO generally applied in the manufacture of a food casing of derivatized cellulose. 

[0056] Table II furtrier shows that while extensibility remains substantially constant, the amount of shrink decreases 
45 as the absolute value of the difference between DFW-, and DFW 2 increases. In a preferred embodiment of the present 
invention wherein the double bubble method is used to form a tubular film suitable for use as a sausage casing, a low 
shrink is most desirable. Accordingly, to reduce shrink, Table II indicates that the first inflated diameter should be greater 
than the first. Thus, in cases where the DFW 1 is greater than the DFW 2 and the ratio of DFW 1 /DFW 2 is greater than 
1, casings with an acceptable rewet shrinkage of less than about 11% are produced. If the ratio approaches 1.32 
so (Example V) the potential exists for reducing the shrink to zero. 

[0057] In a less preferred embodiment of the invention, the percent of shrink is increased by employing a ratio of 
DFW 1 to DFW 2 that is one or less such that the first inflated diameter for the partial drying of the gel tube is smaller 
than the second inflated diameter. 

[0058] As noted above, the moisture content of the gel tube is upwards of 150% or more based on the weight of the 
55 cellulose. In the first drying stage, according to the present invention, the tube is dried to a moisture content of about 
20 to 50% to effect the partial drying of the gel tube. In the second stage, the moisture content is brought down to about 
3 to 5% in order to bring about hydrogen bonding and set the properties of the resulting tubular cellulose film. If the 
path of the tube is redirected after the first or partial drying stage, such as by reversing the direction of the tube as 
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15 


[0059] In the embodiment as shown in Figure 3, the inflated diameter in tho ,u «• 

are the same. Here, by increasing the moisture conten to abouMO to 12°/ , h ~? k f,rS , moistunzin 9 sta 9 e 

to the second diameter with out damage for further mo^urizing ' 3,09 ^ ^ C0 " aPSed "* inf ' a,ed 
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55 


Claims 
1. 


2. A method according to claim 1 , wherein: 

sr„r,::rsrr:r,r 0,15 ,o 20% bds — » - ■ - — « 

3. A method according to claim 1 , wherein: 

a) said drying is in two stages including 

H fSiSE? I'T ,0Werin9 thS m ° iStUre C ° nt6nt 0f the extruded tube to 20 to 50% BDG while holding 
the first inflated diameter to provide a partly dried tube and 9 

n) a second stage for lowering the moisture content of the partly dried tube to not more than 5%BDG whi. P 
holdmg ,t at the second inflated diameter to provide a dried tube; and 

b) moisturizing the dried tube while holding the second inflated diameter 

b) collapsing the partially dried tube to a flat width- 

c) retaliating the partially dried tube to a second inflated diameter different than the first inflated diameter *nH 
mamtaming the second inflated diameter while further drying the tube to a second 11^2- 
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below about 5% BDG; and 

d) moisturizing the tube from step (c) to provide a moisture content greater than 10%BDG while maintaining 
the second inflated diameter thereby forming a tubular film composed of non derivatized cellulose, the tubular 
film having shrinkage and extensibility properties different from a film produced by drying and moisturizing the 
5 same tube of cellulose gel to the same moisture content and to the same diameter with only a single inflation. 

5. A method according to claim 4, wherein the partial drying is to a moisture content of 20 to 50% BDG. 

6. A method according to any claims 1 to 5, wherein the first inflated diameter is greater than the second inflated 
10 diameter. 


7. A method according to claim 6, wherein the tubular cellulose film has a desired diameter, the first inflated diameter 
being greater than the desired diameter and the second inflated diameter being substantially equal to the tubular 
cellulose film desired diameter. 

75 

8. A method of forming a seamless tubular cellulose film of a desired diameter having enhanced extensibility and 
rewet shrinkage properties suitable for use as a food casing comprising: 

a) conlinuously forming by extrusion and regeneration, an extruded seamless tube composed of a hydrated 
20 non derivatized cellulose gel having a moisture content greater than 1 50% BDG, the extruded seamless tube 

having a substantially uniform diameter smaller than the desired diameter; 

b) inflating the extruded seamless tube of cellulose gel to a first inflated diameter larger than the cellulose 
tubular film desired diameter and holding the extruded tube of cellulose gel at the first inflated diameter while 
drying it to produce a tubular cellulose film; and 

25 c) moisturizing the tubular cellulose film from step (b) while holding it at a second inflated diameter substantially 

equal to the desired diameter. • 


9. A method according to claim 8, including moisturizing the tubular film of non derivatized cellulose to a moisture 
content of at least 1 0%BDG. .: 

30 

10. A method according to claim 8 or 9, comprising: 


a) partially drying the extruded tube of cellulose gel: 

b) collapsing the partially dried tube; 

35 c) reinf lating the partially dried tube to a second inflated diameter substantially equal to the tubular film desired 

diameter; 

d) holding the partially dried tube at the second inflated diameter while further drying the tube to a moisture 
content of less than 5% BDG thereby forming a seamless non derivatized cellulose tubular film; and 

e) moisturizing the seamless non derivatized cellulose tubular film while holding the second inflated diameter. 

40 

11. A method according to claim 1 0, wherein partially drying the extruded seamless tube reduces its moisture content 
to between 20 and 50% BDG. 


45 


55 


12. A method according to any of claims 9 to 11 , wherein: 


a) the holding of the first inflated diameter and partial drying the extruded seamless tube to form the partially 
dried Lube occurs while conlinuously moving the extruded seamless tube along a path of travel in a first direc- 
tion; 

b) reversing the direction of the path of travel of the partially dried tube; and 

50 c) the collapsing, reinflating and further drying to form the seamless non derivatized cellulose tubular film 

occurs while moving the partially dried tube in the reverse direction. 

13. A method according to claim 12, wherein the moisture content of the partially dried tube at the reversing of its 
direction is about 25 to 50% BDG. 


14. A method according to any of claims 8 to 13, wherein the first inflated diameter is between 1.53 and 2.05 times 
the diameter of the extruded seamless tube. 
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16 - 15, wherein the tubular ,i,m desired diameter is 1 5 to 1 8 ^ 

17. A method of forming a seamless, non derivatized cellulose tubular film of a desired diameter suitable for use as a 
food cas,ng havmg a rewet shrinkage less than 13.5% and an extensibility ratio of less than 1 .11 comprisTng 

a) continuously extruding a solution comprising non derivatized cellulose, tertiary amine N-oxide cellulose 
solvent and water and regenerating it to form a hydrated seamless tube of non derivatized c Jlu lose the hv 
drated seamless tube having a diameter smaller than the tubular film desired diameter * 

bv S h h ydratSd T 'f!. tUbe 10 f0rm 3 Ce " Ul0Se fi,m haVing 3 moisture con,ent of less ^n 5% BDG 
by continuously passing the hydrated seamless tube through two drying stages arranged in series whenS 

s ssrr-rur open by inf,ating ii during each of the d ™ sta9es and is ^ ™ 

c) the inflating in a first of the stages being to a first inflated diameter greater than the tubular film desired 
the tubular film desired diameter; and H 
2 t^r^nlTd'lTeter 0 * * ° M *" 1 ° % B ° G WhNe h °' d ^ - ^ 

19 " abTutTiT 00 ^!! 9 1° C ' aim 17 ° r 18 ' Wh6rein thS inflatin9 dUrinQ the second d( V in S s tage ^ * diameter of 
about 1 .75 times the diameter of the hydrated seamless tube. "'-meier ot 

*> 20 ' t A h r i h? ri r a ?H COrdin | 9 ,0 f? ° f C ' aimS 1 7 1 ° 1 9 ' Wherei " the drying in the f irst sta 9 e reduce * to moisture content of 
J0 the hydrated seamless tube to between 20 and 50% BDG. 

21 . A method accordingto any preceding claim, wherein the extruded seamless tubecomprises a matrix of the hvdrated 
non denvatized cellulose gel and cellulose fibers uniformly distributed in the matrix 

35 22. A seamless non derivatized cellulose tubular film suitable for use as a food casing made by a process accordina 
oan y preced,ngclaim.havingarewetshrinkageof less than 13.5% and the film, when mJta*££^Sffi 
ratio of ess than 1.11 wherein the extensibility ratio is determined by dividing the diameter of tn rew* cSna 
2^0 Z^^p:; 3 " *" ™ " 9 ^ kPa) by ^^erlhen inflated u^^ZZ 1 

40 

23 ' raZ^t^tXa^ T'^ * ^ **' ^ * Shrinkage ° f n0t 9reater than 7 5% and an 
«- extTdTd^ t0 C ' aim 22 ° r 23 ' haVin9 3 diam6ter « least 1 •* ^mes the diameter of said 

25. A seamless tubular film acco.ding to any of claims 22 to 24, comprising a matrix of regenerated non derivatized 
cellulose and cellulose fibers uniformly distributed in the matrix. aenvatized 

50 ceSoleoLTul 3 T*l diamet ^ SUitab,e tor use as * hoi casing formed by drying a tube of a non derivatized 

11 m«i f 9 f COndlt,0ns ,nclud,n 9 dr V ina at a ««^t inflated diameter .arger than a desired diameter followed 
o r Z2Si 3 S6C0 T ' n ^ ted d, ' ameter substantia "y eQual to the desired diameter, the film having a degree 
fi „ f^Zld ° V6r 3 ran9S ° f StUffin9 pr6SSUreS and a lower rewet shrink as compared to a 

t TdesTred diameter 6 °° ° n ' y ^ ' 810916 ^ ^ m ° iStUriZin9 substantia "V equal to 
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